The left-end adenovirus type 3 DNA sequence is very similar to those of other subgroup B adenoviruses, especially in the area between the Hinfl site (320 base pairs) and the early-region Ia gene. This segment of the genome has been implicated as necessary for the left-end polarity of adenovirus DNA encapsidation. This segment and the sequences flanking it are compared with the corresponding sequences of adenovirus type 5 and adenovirus type 12, and the extent and pattern of intersubgroup homologies are discussed.
Adenovirus particles contain linear, doublestranded DNA with an inverted terminal sequence repetition (5, 24) . Between 100 and 200 base pairs (bp) are thus identical at the ends of viral DNA (1, 16, 18, 23 ). Yet there is evidence to suggest that viral DNA encapsidation proceeds with polarity, beginning at the left end of the conventional physical map of the adenovirus genome (3, 8, 21) . A packageable deletion mutant of adenovirus type 5 (Ad5), dl 312, prepared by Jones and Shenk (9) , retains only 448 bp from the left end. The data of Hammarskjold and Winberg describe variants of Adl6 which likewise implicate the leftmost 400 bp in polar DNA encapsidation (8) . Our interest in subgroup B adenovirus (20) and polar DNA encapsidation (21) led us to investigate the DNA sequence of the left end of the Ad3 genome.
We have determined the viral DNA sequence corresponding to 744 bp of the left-end BamHI fragment I of Ad3 (G.B.) by utilizing one of several plasmid clones containing left-end sequences of Ad3. Although the left terminal DNA sequences of other adenoviruses were known at the outset of this project (1, 16, 18, 23) , we focused our interest on the cloning and sequencing of Ad3 DNA. Ad3 has an advantageously located HpaI site 95 bp from the left end, within the inverted terminal repeat sequence (20) . This site seemed potentially useful for constructing resected viral genomes or linear DNA with leftend Ad3 polarity. Furthermore, the determination of the left-end sequence of Ad3 provides additional data for consideration of DNA sequence evolution among adenoviruses of subgroup B and among adenoviruses of different subgroups.
Figures 1 and 2 schematically outline the sequence of manipulations leading to the parental Ad3 BamHI fragment I clone, pCT132. The strategy for sequencing the Ad3 insert in pCT132 is outlined in Fig. 3 , with a restriction site map of the region containing the Ad3 BamHI fragment I. The methods used for DNA sequencing are fully described by Maxam and Gilbert (13) . The sequence of the viral insert of pCT132 is shown in Fig. 4 . A feature of immediate interest was the left-end virus-pBR322 junction. We found that the 3 bp of the pBR322 PvuII site remained at the junction. Comparison with the previously published sequence of the Ad3 terminal repeat (23) revealed that 13 bases had been removed from the end of the genome during the cloning, presumably at the first step by SI endonuclease treatment of the Ad3 DNA to remove nucleotides bound to residual terminal protein (2, 14) .
Our data, through the terminal repetition of Ad3, coincided with that of a previous report (23) with a single exception. One thymine adenine (T-A) bp is not present in our cloned sequence between two A-T pairs at positions 21 and 22 (our numbering system). As described in Fig. 1 and 2, this region of pCT132 is derived from pCT131, which is known to bear deletions to the right of the HpaI site (C. C. Robinson HpaI (H), BamHI (B), PvuII (P), and Sall (S), the inverted terminal repeat (ITR), and the limits of the genetic regions la, Ib, IVa2, and IX as well as the direction in which these regions are transcribed (4, 10, 15, 20) . The figure shows the preparation of Sail fragment C of Ad3 after treatment of viral DNA (22) with S1 endonuclease (1,000 U/ml; 180 pjg of DNA per ml in 250 mM NaCl-4.5 mM ZnSO4-30 mM sodium acetate [pH 4 .4] at room temperature for 30 min to remove nucleotides bound to residual terminal protein. The preparation of SalI-PvuII fragment a of pBR322 is also illustrated, as well as the union of the prepared fragments [SalI-(C+a)] to form pCT13. Alkaline phosphatase treatment of DNA was performed as described previously (17) . Combined procedures of preparative agarose gel electrophoresis and hydroxyapatite chromatography (6) to purify a specific DNA fragment are signified by agarose/HAP. All plasmids were propagated in Escherichia coli HB101 (7, 11) end of Adl6, another closely related subgroup B adenovirus, has recently been determined (M.-L. Hammarskjold and G. Winberg, personal communication). In this region, there are twice as many differences as there were when Ad3 was compared with Ad7, but their distribution along the sequence is very similar (Fig. 5 and Table 1 ).
The evolution of the B subgroup serotypes from a common genomic precursor is plausible (15) . The observed differences between these B subgroup DNA sequences appear as addition or loss, transition or transversion of single base pairs. About 90 to 95% of the sequence is exactly the same for all three viruses. The observed changes are broadly distributed, with one striking exception, the region from 339 to 470, inclusive. Does the conservation of DNA sequence in this region indicate a functional role for this segment of the genome? A simple calculation, assuming a Poisson distribution of mutations, suggests that it is most unlikely that this region remains unchanged by chance alone.
If the features distinguishing the present sequences of Ad3, Ad7, and Adl6 are enumerated as mutations accumulated over the lengths of sequenced DNA, an estimate of the extent of mutation can be made. This will be a minimum estimate if we count one mutation when two of the three sequences remain the same and two mutations when none of the three are the same. In this manner, at least 47 single-bp changes distinguish 688 bp of the left-end sequence from Ad3, Ad7, and Adl6. Let R = 47/688 = 0.068 changes per bp over the entire interval. The average number of changes (A) in a particular interval of length (I) bp is X = IR. The probability of finding a number of changes (x) within such as interval is then e-AX P(x) = Hammarskjold and Winberg (8) (4, 15, 19) and may also be important for transcription.
The homology among DNA sequences of adenoviruses representing different subgroups has been noted before (4, 15, 19) , but there has been little attention given to the region of DNA associated with the polar DNA packaging mechanism. Figure 6 shows a superposition of sequences from three human adenovirus subgroups through the interval of 237 to 491 bp (Ad3), spanning the Hinfl-PvuII fragment of Ad3. To the left of this interval the remarkable homology decreases significantly until the terminal 50 to 60 bp which are highly conserved (6, 20) . To the right, the homologous sequences continue through the Ia gene promotor and 5' region of its transcripts (4, 15, 19) . The regions of sequence identity (Fig. 6 ) among all three subgroups are short (up to 9 bp) and separated by different numbers of nucleotides in the DNAs of the different subgroups. The homologous sequences are not remarkable in terms of repeated sequences or inverted repetitions, except for several short runs of T's. The distance of this region of homology from the end of the respective genomes differs by up to 60 bp. Like the subgroup B serotypes, the genomes of the A, B, and C subgroup virus may be derived by gradual divergent evolution from a common ancestor. In the interval from 237 to 491 bp (Ad3), 90%o of the bases appear to be conserved by at least two of the three sub- (4, 15, 19) , is also indicated. sequences which have been most rigidly conserved. Experiments addressing this point are now in progress.
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